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ABSTRACT

Background: Fatigue is a common complaint in Parkinson disease (PD). We investigated fatigue in
a cohort of previously untreated patients with early PD enrolled in the Earlier vs Later Levodopa
(ELLDOPA) clinical trial.

Methods: A total of 361 patients were enrolled in the randomized, double-blind, placebo-
controlled ELLDOPA trial and assigned to receive placebo or carbidopa-levodopa 37.5/150 mg,
75/300 mg, or 150/600 mg daily for 40 weeks, followed by a 2-week medication washout pe-
riod. Subjects who scored �4 on the Fatigue Severity Scale were classified as fatigued. PD se-
verity was assessed using the Unified Parkinson’s Disease Rating Scale (UPDRS), Hoehn-Yahr
scale, and Schwab-England Activities of Daily Living Scale. A subgroup of subjects underwent
[123I]-�-CIT SPECT to measure striatal dopamine transporter density.

Results: Of the 349 ELLDOPA subjects who completed fatigue measures, 128 were classified
as fatigued at baseline. The fatigued group was significantly more impaired neurologically
(UPDRS, all subscales and Hoehn and Yahr staging) and functionally (Schwab-England Scale)
but no significant differences were observed in �-CIT measurements between the two groups.
Analysis of covariance showed a greater increase in fatigue score from baseline to the end of
the 2-week washout in the placebo group (0.75 points) than in the three groups receiving
levodopa (increases of 0.30 [150 mg/day], 0.36 [300 mg/day], and 0.33 [600 mg/day]; p �

0.03 for heterogeneity).

Conclusions: Fatigue is a frequent symptom in early, untreated, non-depressed patients with Par-
kinson disease (PD), affecting over 1/3 of the patients in this cohort at baseline and 50% by week
42. Fatigue was associated with the severity of PD, and progressed less in patients treated with
levodopa. Neurology® 2008;71:481–485

GLOSSARY
ELLDOPA � Earlier vs Later Levodopa; FSS � Fatigue Severity Scale; Ham-D � Hamilton Depression Scale; PD � Parkinson
disease; UPDRS � Unified Parkinson’s Disease Rating Scale.

Fatigue is a common symptom reported in most medical, neurologic, and psychiatric
disorders but is poorly understood. Since the earliest reports,1-3 fatigue has been confirmed
as a frequent and disabling nonmotor symptom in Parkinson disease (PD).4-6 Although
fatigue affects 32% to 56% of the PD population,1,4,5,7 this nonmotor symptom is still
under-recognized in the routine evaluation of subjects with PD even by PD experts.8 It is
even less likely that fatigue would be assessed in the early diagnosis of PD. In fact, most of
the published investigations have focused on subjects with PD at later stages of the disease,
and usually while on dopaminergic treatment. Little is known about the prevalence of
fatigue in early PD. In addition, the effect of levodopa on fatigue in patients with PD who
are levodopa naı̈ve has never been described to our knowledge.
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In this regard, the Earlier vs Later Levo-
dopa (ELLDOPA) trial9 offered a unique op-
portunity for investigating the relationship
between fatigue and measures of disease sever-
ity, function, and quality of life in a large co-
hort of early, untreated, levodopa naı̈ve
subjects with PD. In addition, the placebo-
controlled nature of the ELLDOPA study
provided an ideal setting to assess the response
of fatigue to levodopa treatment and its rela-
tionship to motor changes.

METHODS Recruitment/enrollment. Fatigue was evalu-
ated in the context of the randomized, double-blind, placebo-
controlled ELLDOPA clinical trial.9 Briefly, this cohort included
361 untreated, levodopa-naı̈ve individuals with early PD, de-
fined by 1) diagnosis of PD within 2 years prior to enrollment,
and 2) a rating of less than stage 3 on the modified Hoehn-Yahr
scale,10 who were considered unlikely to require symptomatic
treatment within 9 months of enrollment. Patients with tremor
scores of 3 or greater on the Unified Parkinson’s Disease Rating
Scale (UPDRS),11 freezing of gait, loss of postural reflexes, de-
mentia, or major depression were excluded from participation in
ELLDOPA.9

ELLDOPA participants were randomly assigned to receive
carbidopa-levodopa 37.5/150 mg, 75/300 mg, or 150/600 mg,
or matching placebo daily with titration to full dose occurring
over 9 weeks. Subjects remained on drug for 40 weeks, followed
by a 3-day downtitration and 2-week washout period, and were
re-evaluated at 3, 9, 24, 40, 41, and 42 weeks after randomiza-
tion. At each visit, participants were assessed for adverse experi-
ences and clinically evaluated using the UPDRS11 by the treating
investigator. A second investigator (primary rater) assessed PD
severity using the UPDRS11 at baseline and week 42. Assess-
ments of fatigue, using the Fatigue Severity Scale (FSS),12 were
performed at baseline, and weeks 3, 9, 24, 40, and 42.

A total of 131 subjects were also co-enrolled in an imaging
study using iodine-123-labeled 2-�-carboxymethoxy-3-�-(4-
iodopheyl)tropane ([123I]-�-CIT) SPECT to measure striatal
dopamine transporter density. SPECT scans were performed im-
mediately prior to baseline and week 40 visits.

Outcome measures. The FSS is a self-report questionnaire
consisting of nine statements describing the severity of fatigue
symptoms. Subjects are asked to rate how accurately each item
describes personal fatigue levels on a scale from 1 (strongly dis-
agree) to 7 (strongly agree). Total FSS score is obtained by divid-
ing the sum of all item scores by 9.12 ELLDOPA participants
were grouped according to baseline FSS score, with subjects scor-
ing �4 classified as fatigued and subjects scoring �4 considered
to be nonfatigued. The cutoff was chosen based on previous
reports using FSS.12 In addition to the UPDRS and Hoehn-Yahr
staging11 to assess PD clinical severity and [123I]-�-CIT as a bi-
omarker of PD, participants were evaluated for mood (Hamilton
Depression Rating Scale13), activities of daily living (Modified
Schwab and England Activities of Daily Living Scale14), and
quality of life (PD QUALIF15).

Statistical methods. Baseline characteristics of fatigued sub-
jects were compared with those of nonfatigued subjects using
t tests or �2 tests as appropriate for clinical variables, and analysis
of covariance adjusting for age for the imaging variables.

Changes in FSS score between baseline and 40 weeks (last visit
on study medication) and between baseline and 42 weeks (con-
clusion of the 2-week washout) were analyzed using analysis of
covariance, including the assigned treatment group and enrolling
investigator as categorical variables and baseline FSS score as a
continuous variable.

RESULTS Of the 361 patients enrolled in ELL-
DOPA,9 349 completed fatigue measures. A total of
128 of these 349 (37%) participants were classified as
fatigued at baseline. Fatigued subjects did not differ
significantly from nonfatigued subjects in age (mean
age 63.9 years vs 64.9 years) or gender (men 66% vs
70%). However, the fatigued group was significantly
more neurologically impaired at baseline than the
nonfatigued group as indicated by higher scores on
each subset of the UPDRS and Hoehn-Yahr stage
(table 1). It is of interest that all three subscales of the
UPDRS were worse in the fatigued group than in the
nonfatigued group (mentation p � 0.0001, activities
of daily living p � 0.0001, motor p � 0.0014). Sub-
jects with fatigue had significantly worse scores on
the mean Schwab and England Activities of Daily
Living Scale, PD QUALIF, and Hamilton Depres-
sion Scale (Ham-D) (table 1). It should be noted that
in accordance with protocol inclusion/exclusion cri-
teria, patients with significant depression were ex-
cluded from the ELLDOPA study. This is reflected
in baseline Ham-D scores within the normal range in
both fatigued patients (Ham-D score 4.36 � 3.48)
and nonfatigued patients (Ham-D score 2.87 �
3.13; recommended Ham-D cutoff score for mild
depression is �916-18).

On the other hand, the two groups did not differ
when PD severity was assessed by the biomarker
[123I]-�-CIT (table 2).

Although FSS scores increased in all ELLDOPA
treatment groups from baseline to week 40, this in-
crease was greater in the placebo group than in the
levodopa groups. This difference did not reach sig-
nificance (p � 0.086; figure, table e-1 on the Neurol-
ogy® Web site at www.neurology.org). However,
increases in fatigue score from baseline to the final
visit (week 42) were significantly different between
groups (table e-1). Specifically, in the placebo group
FSS score increased by 0.75 points, while FSS scores
increased by 0.30, 0.36, and 0.33 in the groups re-
ceiving levodopa 150 mg, 300 mg, and 600 mg/day
(p � 0.031). Changes between 10% and 15% in the
FSS have been suggested to be clinically meaning-
ful.19 In this study, the mean FSS worsening from
baseline to week 42 was 19% in the placebo group
and 7% to 8% in the levodopa groups. For the entire
ELLDOPA cohort, 50% of the subjects were classi-
fied as fatigued by week 42, an increase of 13% from
baseline.
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Secondary analyses were performed separately for
subjects with fatigue at baseline and those without
fatigue at baseline. As shown in the figure, the impact
of levodopa on fatigue was mostly observed in those
without fatigue at baseline.

With regard to the interaction between fatigue
and depression, there was a small correlation between
changes in fatigue and changes in Ham-D (r � 0.19,
p � 0.001). However, the mean Ham-D scores in all
groups at week 40 (Ham-D data were not collected
at week 42) were below the cut-off for depression16-18

(5.94 � 5.84, 3.92 � 4.8, 3.27 � 3.39, 3.69 � 3.79
for placebo, 150 mg, 300 mg, and 600 mg/day levo-
dopa).

DISCUSSION The ELLDOPA study is, to our
knowledge, the largest investigation of fatigue in un-
treated, levodopa-naı̈ve subjects with early PD. In
this cohort, fatigue was reported by 37% at baseline
but increased to 50% by the end of this 42-week
study. This prevalence of fatigue is consistent with
previous reports1,4,5,7 despite the fact that enrollment
in the ELLDOPA cohort was restricted to subjects
with early and untreated PD, by study design. Unlike

other studies, which often assessed consecutive pa-
tients at a single clinic, this study included only a
highly motivated group of patients who were volun-
teers in a clinical research project. A priori, one
would expect this group to be less afflicted with fa-
tigue than the general PD population. This observa-
tion underscores the fact that significant fatigue is
present as early as the motor signs of PD in over one
third of subjects recently diagnosed with PD. Hoehn
and Yahr reported that fatigue was the presenting
symptom in 2% of their patients10; however, as a
recent study shows, unless explicitly sought, fatigue is
under-recognized.8

Most cross-sectional studies have not found a re-
lationship between fatigue and PD motor severity as
measured by the Hoehn and Yahr stage or UPDRS
scores. In contrast, fatigue was associated with greater
disease severity, as measured by the above scales, in
the ELLDOPA cohort and in a previous large obser-
vational study.7 However, when PD severity was
measured in a subgroup of ELLDOPA subjects via
[123I]-�-CIT SPECT striatal dopamine transporter
density, no relationship with fatigue was found. Al-
though moderate to good correlation between clini-
cal scales of PD severity and �-CIT has been
reported in several studies,20-24 it is also clear that this
relationship varies significantly according to which
PD signs and symptoms are assessed. For example,
the correlation is usually poor for tremor.23 There-
fore, the spectrum of PD clinical manifestations, in-
cluding fatigue, may not be completely captured by
assessing [123I]-�-CIT SPECT striatal dopamine
transporter density. It is also possible that the dis-

Table 1 Baseline characteristics of fatigued vs nonfatigued subjects

Fatigued, n � 128 Nonfatigued, n � 221 p Value

Male, n (%) 84 (66) 154 (70) 0.4327

White, n (%) 114 (89) 201 (91) 0.5666

Age, y 63.86 (11.75) 64.89 (10.43) 0.3971

Age at PD onset, y 63.33 (11.80) 64.35 (10.46) 0.4086

Duration of disease, mo 5.46 (6.56) 6.60 (6.43) 0.1182

Education, y 13.81 (3.49) 14.53 (2.85) 0.0382

Schwab-England ADL Scale score 88.35 (7.40) 92.85 (5.78) �0.0001

Hoehn-Yahr stage 1.91 (0.53) 1.75 (0.55) 0.0074

UPDRS total score 32.23 (13.62) 25.39 (11.05) �0.0001

Mentation subscale score 2.06 (1.69) 0.97 (1.21) �0.0001

ADL subscale score 9.13 (3.98) 6.63 (3.62) �0.0001

Motor subscale score 21.14 (10.32) 17.84 (8.49) 0.0014

Hamilton Depression Scale score 4.36 (3.48) 2.87 (3.13) �0.0001

PD QUALIF total score 33.22 (10.60) 22.22 (9.41) �0.0001

Values are mean (SD) unless otherwise specified.
PD � Parkinson disease; ADL � activities of daily living; UPDRS � Unified Parkinson’s Disease Rating Scale.

Table 2 [123I]-�-CIT uptake at baseline

Fatigued,
n � 49

Nonfatigued,
n � 82

p Value
(age-adjusted)

Striatum 3.78 (1.72) 3.53 (1.14) 0.5515

Caudate
nucleus

4.91 (1.88) 4.64 (1.29) 0.6056

Putamen 2.65 (1.61) 2.42 (1.09) 0.5156

Values are mean (SD).
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crepancy between clinical severity and [123I]-�-CIT
measurements vs fatigue in this study could have
been accentuated by the smaller sample size available
for the [123I]-�-CIT evaluation.

The ELLDOPA study offered a unique opportu-
nity to assess the effect of levodopa treatment on fa-
tigue in a placebo-controlled setting. The results
indicate that fatigue worsened significantly more in
the placebo group than in the levodopa groups over
the 42 weeks of follow-up; however, there was no
levodopa dose-response effect noted for fatigue, in
contrast to the dose-response observed for the UP-

DRS score.9 Interestingly, subjects not fatigued at
baseline were the most likely to benefit from levo-
dopa. Previous smaller and briefer studies have also
suggested that dopaminergic treatment may improve
at least some aspect of fatigue.25,26

The study was limited by the lack of data on sleep
disturbances which may affect fatigue. Additionally,
secondary assessments of fatigue severity were not in-
cluded. Although the FSS is a well-accepted tool,
there is limited experience with this measure in PD
studies.1,27 In accordance with the study design, sub-
jects with depression (another potential confound of
fatigue) were excluded, and during the study there
was slight worsening of depressive mood, although
all groups remained within the mean cutoff for nor-
mal mood.16-18 Nevertheless, we did find a small but
significant correlation between changes in fatigue
and changes in the Hamilton Depression Scale.

Our results underscore that fatigue is a frequent
symptom of PD present early in the disease, and is
associated with disease severity. However, the partial
response to dopaminergic treatment and the lack of
association with [123I]-�-CIT striatal measurements
suggest that dopaminergic pathways are only moder-
ately involved in pathogenesis of fatigue. This obser-
vation is consistent with postmortem data indicating
that a variety of brain structures and neurotransmit-
ters are affected in PD.28,29 One or more may be
important in the genesis of fatigue. Better under-
standing of the mechanisms underlying fatigue may
suggest new interventions for effective treatment to
supplement the partial benefit observed with dopa-
minergic treatment.
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ronto; C.W. Olanow, Mount Sinai School of Medicine, NY; C. Tanner, The
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for Neurodegenerative Disorders, New Haven, CT: D.S. Russell, D. Jen-

nings, B. Fussell; Massachusetts General Hospital, Boston: D. Standaert,
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Figure Changes in Fatigue Severity Scale (FSS) score by treatment arm
during 40 weeks of treatment and 2-week washout period

(A) All subjects; (B) subjects considered not fatigued at baseline; (C) subjects considered
fatigued at baseline.
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